Postharvest deterioration of wax apple leads to unacceptable appearances, physical and quality losses that raise serious concerns commercially. Bioactive compounds of wax apple and spoilage microorganisms were studied at room temperature storage (23 ± 1°C). Antioxidant activity and total phenolic content increased up to a maximum of 1.56 mg AAE/100 g and 88.37 mg GAE/100 g, while prolonged storage resulted in 70.0% and 33.6% loss, respectively. Further, 80% loss in vitamin C content was observed from an initial value of 21.63 mg AAE/100 g during storage. Bacterial isolates of Enterobacter sakazakii, Klebsiella pneumoniae, Klebsiella planticola, Pantoea agglomerans, Chromobacterium violaceum, and Streptomyces roseochromogenus with microbial load of 1.19 * 10 8 CFU/g fresh weight, and fungal isolates of Penicillium purpurogenum, Mucor hiemalis, Aspergillus niger, Aspergillus fumigatus, and Candida tropicalis with a total load of 5.64 * 10 7 CFU/g fresh weight were identified as spoilage organisms. Bacterial isolates of Klebsiella pneumoniae was the most prevalent at 47.78%, occurring 21 times, while Penicillium purpurogenum was the most prevalent fungi, occurring 5 times at 38.46%. Results have significant implications on measures to preserve quality of wax apples during storage by adoption of advanced postharvest handling and processing approaches.
Introduction
Food losses and waste is a crucial issue, which has attracted global attention, as about 1.3 billion tons (one-third) of food produced for human consumption is lost or wasted per year. The largest share of global food loss and waste by weight is attributed to fruits and vegetables, grossing 44% (FAO, 2011) . It is usually observed within the postharvest management chain mainly as a result of spoilage, which prompted a World Food Conference to be convened in Rome in 1974, to seek ways of reducing postharvest losses as a means to increasing food availability (Choudhury, Due to its high perishability, its cultivation, production, and availability are limited. Data made available by the Department of Agriculture, Malaysia (DOA, 2015) reported that the most popular varieties of jambu air mawar, jambu air, jambu bol, and jambu air madu cultivated area, harvested area, and production figures are 20.1 ha, 20.1 ha, 348.3 MT; 600.9 ha, 461.4 ha, 4,209.4 MT; 0.2 ha, 0.1 ha, 0.2 MT; and 0.8 ha, 0.2 ha, 1.1 MT, respectively. To date, there are no studies that have reported the specific microorganisms associated with wax apple spoilage; neither are there reports that have linked storage period and bioactive compounds content of the fruit. This knowledge gap negatively impacts shelf-life extension strategies that adopt microorganism-specific approaches. With several intervention strategies being considered and appraised for reducing the frequency of spoilage, and an extended shelf life procedure becoming very much expected as a result of the high demand for the fruit of wax apple, this study attempts to isolate and identify the microorganisms associated with the spoilage of wax apple in Malaysia and to investigate the effect of storage on antioxidant bioactive compounds of the fruit.
Materials and methods

Chemicals, reagents, and media
Standards of 99% purity sodium carbonate, ascorbic acid, 2, 6-dichloroindophenol (DCP) sodium salt, Folin-Ciocalteu phenol reagent, and acetic acid (CH 3 COOH) were obtained from R and M Chemicals (Essex, UK). Metaphosphoric acid (HPO 3 ) and 95% purity grade 2, 2-diphenyl-1-picrylhydrazyl (DPPH) were obtained from Sigma-Aldrich Chemie (Steinheim, Germany). Gallic acid was purchased from Acros Organics (Morris Plains, NJ, USA), 100% grade chloroform from Fisher Scientific (Fair Lawn, NJ, USA), 96% reagent grade ethanol from Friendemann Schmidt (Parkwood, Western Australia, Australia), and 80% reagent grade methanol from Merck KGaA (Darmstadt, Germany). Blood agar base mixed with defibrinated horse blood and nutrient agar were purchased from Oxoid Ltd (Hampshire, UK), while Sabourand dextrose agar and potato dextrose agar were obtained from Becton Dickson (Sparks, MD, USA).
Sample and storage area preparation
Syzygium samarangense [Blume] Merrill and L.M. Perry cv. jambu madu red samples were obtained from two market and supermarket sources within the Serdang area of Malaysia. Ripened fruits with similar characteristics of color, firmness, free from defects and diseased parts were selected, washed in distilled water, and wiped with 60% ethanol so as to reduce contamination from sources and to restrict sources of deterioration to environmental and storage conditions. An air/environment sterility test was carried out on the storage area while samples were laid on the floor spread with polythene at a corner of the laboratory. Samples were kept free from insect and dust at room temperature of 23 ± 1°C, 88% relative humidity, and allowed to undergo natural process of deterioration for 14 days. Proper air circulation was achieved from the natural movement of fresh air into and out of the storage area by means of windows located on either side of the storage area, which were kept constantly open throughout the storage period. The storage area was also properly illuminated throughout the storage period.
Isolation of microorganisms
Wax apple fruits were sampled on the first day and after every 48 h using standard microbiological methods. Further, 25 g of the sample were homogenized with 225 ml of sterile distilled water in a ratio of 1:10 and 10-fold serial diluted. A standard plate count method was used to enumerate discrete colonies formed as a colony forming unit (CFU) per gram of wax apple fruit on nutrient agar and potato dextrose agar for bacteria and fungi, respectively, using Eq. (1). Bacteria plates were incubated at 37°C for 24 h, while fungi plates were incubated at 28°C for 72 h.
CFU=g ¼ Average number of colonies Ã Dilution factor=volume of plated:
Characterization and identification of isolates
Bacterial colonies formed were sub-cultured in blood-based agar mixed with defibrinated horse blood to obtain pure cultures and observed for morphological and cultural characteristics, identification, and characterization using biochemical procedures as expressed by Holt et al. (1994) . Fungal isolates were identified at the genus level on the basis of microscopic and macroscopic characteristics as described by Jang et al. (2008) .
Hydrophilic and lipophilic extractions
Extracts from wax apple fruit were obtained using the method of Del Giudice et al. (2015) with modification. To start, 10 g of wax apple was homogenized wrapped with aluminium foil and extracted using 30 ml of 80% methanol. The mixture was vortexed for 20 min and centrifuged (Hettich, Universal 320, Andreas Hettich GmbH, Tuttlingen, Germany) at 3500×g for 10 min to obtain the hydrophilic extract. The extract was used for analysis of total phenols. Pellets obtained after filtration were extracted with 10 ml of chloroform and subsequently centrifuged at 3500×g for 5 min to obtain lipophilic extracts used for the estimation of lipophilic antioxidant activity.
Antioxidant activity determination
Antioxidant activity was assayed by the evaluation of the scavenging effect of wax apple extract on the DPPH radical based on the method of Ahmed et al. (2011) . Initially, 500 μl of the supernatant from lipophilic extract and 500 μl of 0.1 mM DPPH reagent were mixed, vortexed, and kept at room temperature in a dark room for 30 min. Absorbance of the mixture was read at 517 nm blanked against methanol. The antioxidant activity was expressed as milligram ascorbic acid equivalent (AAE)/100 g of fresh weight using a standard L-ascorbic acid curve (2 µg/ml to 10 µg/ml; y ¼ À0:0674x þ 1:1158; r 2 ¼ 0:9437).
Total phenolic compounds
Total phenolic content of wax apple was determined using the method of Singleton et al. (1999) with modifications. To start, 100 μl of methanol extract from the above extraction, 100 μl of methanol, and 100 μl of 0.1 mM Folin-Ciocalteu reagent was mixed, vortexed for 1 min, after which 700 μl of sodium bicarbonate (20%) was added, vortexed, and kept at room temperature in a dark room for 20 min. Absorbance of the mixture was read at 735 nm blanked against methanol. Results were expressed as milligram Gallic acid equivalents (GAE)/100 g fresh weight using a standard Gallic acid curve (10 µg/ml to 40 µg/ml; y ¼ 0:0052x þ 0:4912; r 2 ¼ 0:9402).
Vitamin C content determination
The vitamin C content was measured using the method described by Chang et al. (2006) with modification. First, 2 g of wax apple were extracted with 10 ml of metaphosphoric-acetic acid (HPO 3 -CH 3 COOH) solution. Then, 1 ml of the filtrate was mixed with 9 ml of 0.05 mM 2, 6-dichlorophenolindophenol (DCIP) solution, stabilized with sodium bicarbonate, and the absorbance of the mixture was measured within 30 min at 515 nm against a blank of distilled water. The vitamin C content was expressed as mg of AAE/100 g fresh weight based on a calibration curve of authentic L-ascorbic acid (20 µg/ml to 140 µg/ml; y ¼ À0:0037x þ 2:3394; r 2 ¼ 0:9505).
Statistical analysis
The results were expressed as mean ± standard deviation (SD) from three replicates. Data was analyzed using SigmaPlot statistical software version 12.0 (Systat Software Inc., San Jose, CA, USA).
Results and discussion
Microorganisms responsible for postharvest deterioration of wax apple
The microorganisms responsible for the postharvest deterioration of wax apple obtained within the Serdang area were observed for morphological, cultural, microscopic, and macroscopic characteristics, while identification and characterization was carried out using biochemical procedures. Bacterial genera isolated and characterized from wax apple during storage is listed in Table 1 , namely, Enterobacter sakazakii, Klebsiella pneumonia, Klebsiella planticola, Pantoea agglomerans, Chrombacterium violaceum, and Streptomyces roseochromogenus.
As observed in Table 2 , Klebsiella pneumonia was the most prevalent at 47.78% occurring 21 times. This was followed by Pantoea agglomerans at 27.27% with 12 incidences; Chrombacterium violaceum at 13.64% with six occurrences; Enterobacter sakazakii at 6.82% with three incidences; and Klebsiella planticola and Streptomyces roseochromogenus at 2.27% with one incidence each. The filamentous gram positive bacteria Streptomyces roseochromogenus was observed in the potato dextrose agar plates used to culture fungal isolates. It had a striking similarity to filamentous fungi, with branching hyphae, vegetative mycelium dispersed through aerial hyphae as observed by Flardh and Buttner (2009) . They occur in the same habitats as fungi (saprophytic soil microorganisms) and are superficially similar explaining its growth on potato dextrose agar. Table 3 illustrates the fungal genera isolated and characterized from wax apple during storage, while Juhneviča et al. (2011) reported that the genera of Enterobacter, Penicillium, Aspergillus, Pseudomonas, and Candida have been involved in spoilage of fruits. This study thus reveals bacteria in the genera of Enterobacter sakazakii, Klebsiella pneumonia, Klebsiella planticola, Pantoea agglomerans, Chrombacterium violaceum, Streptomyces roseochromogenus and fungi in the genera of Mucor hiemalis, Penicillium purpurogenum, Candida tropicalis, Aspergillus niger, and Aspergillus fumigatus as causative organisms of wax apple deterioration and spoilage. Usually, infection of agricultural produce, especially fruits and vegetables, is dependent upon various factors, such as contamination on the farm before harvest, harvesting processes, post harvesting, and the distribution chain practices. However, the shelf life of tropical fruits and their respiration rate possess an inverse relationship, which is dependent upon variety, temperature, and level of maturity (Yahia et al., 2011) . The high level of metabolic activity at ambient temperature, which was accelerated by continuous exposure, provided enabling the environment for the growth of these microorganisms, increasing deterioration. Sperber (2009) reported a spoilage threshold of microflora greater than 10 7 organisms/g of food. At the end of the storage period, bacterial load stood at 1.19 * 10 8 CFU/g fresh weight as against fungal load of 5.64 * 10 7 . Bacterial isolate of Klebsiella pneumonia was present on all sampling days with a total count of 1.04 * 10 8 CFU/g fresh weight and prevalence of 50%, while Penicillium purpurogenum was the most prevalent fungi at 38.46% and total count of 2.64 * 10 7 CFU/g fresh weight.
Bioactive compounds and antioxidant activity content of wax apple
Results of the initial content and estimation of bioactive components of wax apple during the storage period is presented in Table 5 . Vitamin C content showed an initial gradual increase up to the fourth day of storage thereafter decreasing to a value of 4.28 mg AAE/100 g at the end of storage. Vitamin C is one of the main water soluble vitamins in wax apple with antioxidant properties. It is degraded by the process of oxidation usually induced by the availability of oxygen, light, and enzymes, such as ascorbate peroxidase and oxidase (Alothman et al., 2009) . Since wax apple samples in the current study were stored openly in the presence of light and oxygen, it is expected that vitamin C would have been oxidized by the oxidation process giving rise to the significant reduction observed. Prior reports had noted that successive increase in storage duration or temperature generally results in a decrease in ascorbic acid content of fruits and vegetables (Lee and Kader, 2000) . Opara et al. (2013) observed significantly high rates of ethylene production, respiration, and ripening of fruits at 28°C, which led to deterioration of banana fruit and loss in vitamin C. Nunes (2008) also reported a decrease in ascorbic acid content of apples regardless of storage temperature and duration, while Supapvanich et al. (2011) reported a similar decrease in ascorbic acid content of wax apple stored at 12°C. As shown in Table 5 , there was a gradual increase in total phenols up till the 6th day. Total phenolic contents increased as much as 1.11 times to a value of 88.37 mg GAE/100 g followed by a steady decrease to a value of 52.82 mg GAE/100 g after 14 days of storage, representing a loss of 33.64%. A similar trend was reported by Tehrani et al. (2011) for jambu air (Syzygium aqueum Alston) stored in continuously ventilated respiration jars. It is apparent from the data in Table 5 that the antioxidant activity was greatly affected by storage. A change of 1.09 mg AAE/100 g representing 70% loss was observed at the end of storage, although there was a slight increase up till the 8th day. The high level of lipophilic antioxidant activity noticed at the beginning (1.55. ± 0.02 mg AAE/100 g) may be attributed to high concentration of chlorophyll, according to Bravo et al. (2012) who revealed that chlorophyll is a pigment renowned to possess antioxidant properties. Supapvanich et al. (2011) reported an increase in total phenols and antioxidant activity of wax apple after 7 days storage at 12°C, though it was dipped in sodium hypochloride before storage. The increase in antioxidant activity may be attributed to the increase in total phenols observed while the losses later observed in total phenols and antioxidant activity is likely due to the development of senescence as reported by Zhang et al. (2008) . Table 5 . Some bioactive compounds and antioxidant activity content of wax apple during storage. A negative correlation existed between total microbial count for storage days and bioactive compound contents for the corresponding storage days, giving R 2 values of 0.8497, 0.9093, and 0.9103 for vitamin C, total phenols, and antioxidant activity, respectively. The negative correlation indicates that bioactive compound contents showed a decline with an increase in microbial population at the end of the storage period.
Conclusion
The findings of this study provide insight to the activities of spoilage microorganisms of wax apple where various genera of bacteria and fungi were identified as spoilage organisms. For response of antioxidant bioactive compounds during 14 days of storage at room temperature of 23 ± 1°C, the vitamin C content showed a decrease from the beginning of storage, while total phenolic content and antioxidant capacity were maintained for 6 days before declining rapidly. Results indicate that the activities of spoilage microorganisms have varying effects on bioactive components of wax apple. An implication of this study suggests the need to prolong shelf life and quality of wax apple through the adoption of approaches of microorganism spoilage control and reduction techniques.
